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I. INIT_OD UCT ION

At the request of the AVC0 Corporation, Wilmington, Massachusetts,

a test was performed in the 20-in. Supersonic Wind Tunnel (sgfr) at the

Jet Propulsion Laboratory (JPL) on a family of MINUTE_AAN re-entry

vehicle configurations. There were two parts to this program: a pres-

sure test using the multi-pressure measuring system, and a three-

component force test using the six-component external balance.

There were several purposes involved in running this test. First,

it was desired to obtain surface pressure distribution and three-

component static force and moment data for configurations utilizing

small bluntness ratios. A button nose spike was substituted for the

convential forecone in some runs to determine its effectiveness.

Another purpose of this test was an evaluation of the effect of varying

certain shape parameters on the static force and moment data. Finally,

a cone flare with a truncated rear face was investigated as a possible

means of providing controllability.

Data were obtained for both the pressure and force tests at Mach

numbers 1.48, 2.01, 3.01, 3.98, and 4.76, through an angle-of-attack

range of -4 +_ +20 deg.

The test I was performed during the period from September 18

through September 30, 1959, with Messrs. J.H. Grimes, Jr. and J. Fenske

representing the AVC0 Corporation.

IThe notation used in this Report is defined in the Nomenclature.
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II. MODEL DESCRIPTION

The three pressure models all had cylindrical bodies and conical

flare afterbodies. Model and dimensions are shown in Figs. la,b,c,d,

and transition grit strip is shown in Fig. 2. One of the configura-

tions, shown in Fig. 3a, had a blunt-nose forecone, and the other two,

shown in Fig. 3b, had button-nose spikes replacing the forecone. One

of the latter had a fusing package attached to the spike.

The ten force models, with the exception of configurations 6 and

7, had cylindrical bodies and conical flare afterbodies. The conical

forebodies used on configurations 1 through 5 had varying bluntness

ratios as shown in Figs. la and lb. On configurations 8, 9, and I0,

the forecones were replaced by button-nose spikes of different lengths,

one having a fusing package attached to the spike. This is shown in

Fig. Ic. Both configurations 6 and 7 had conical bodies tapering to

blunt noses as shown in Fig. Id. Configuration 6 had a conical flare

afterbody, as did configuration 7, but the latter had a truncated rear

face.

Several runs were made with grit strips attached to the noses of

ihe models having forecones to effect boundary-layer transition. No. 40

grit was attached to the O.O05-in. brass shim stock by Epoxy (see Fig.

2).

Figure 4 shows a pressure model and a force model installed in

the test section.
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III. WIND TUNNEL AND INSTRUMENTATION

Design features of the 20-in. wind tunnel permit its continuous

operation in either a variable-density closed circuit or an open

circuit. For the present test, i% was operated as a closed-circuit

tunnel. Any value of test-section Mach number between 1.32 and 5.00

may be set remotely; however, normal operation is restricted to the

19 Mach numbers between 1.32 and 5.00, for which flow survey cali-

brations have been made. Operation at other than calibrated Mach

numbers is based upon interpolated nozzle settings and, in some

instances, partial calibrations. At all Mach numbers, the test section

is 20 in. high and 18 in. wide. During a given run, the air supply is

maintained at a constant temperature and kept normally at a dew point

sufficiently low to insure that dew-point effects on the data are

negligible. The maximum values of dew point at which data were

obtained at each Mach number are given in Table I.

Test-section flow parameters were determined by using the blach

number, the measured supply-section stagnation pressure and tempera-

ture, and the assumption of isentropic flow in the nozzle. Table 1

....... ÷ _ -÷ _,,= test-section _" _ forw.... ,,_o ._oe,,_a_lve values of ÷k_ _._w par°me ÷_

Math numbers at which this test was performed.

Flow in the test section may be observed optically by either the

shadowgraph or the schlieren technique.

The six-component hydraulic balance and the model support system

used for this test are shown in Fig. 5. The models were sting-supported

f"rn'm +h_ _<e_n+-_han_ _+r11% earr_; _^rh_eh mav h_ _olaled 30 deg in

pitch. The angle-of-attack range was -4 to +20 deg for the
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straight sting used in this test. The sting and strut carrier are

protected from aerodynamic loads by a windshield which is open to the

tank surrounding the balance. Flow between the test section and the

balance tank is prevented by evacuating the tank to the model base

pressure.

The balance system mechanically separates the model lift, drag,

and side force and pitching, rolling, and yawing moments. These forces

and moments are sensed by hydraulic load cells and are measured by

self-balancing beams. The moments, as measured, are referred to a set

o£ orthogonai axes which intersect at a point that is coincident with

the center of rotation of the support system and the centerline of the

test-section windows.

Based upon the range and repeatability of the balance shown in

Table 2 and observation of the test data, the coefficient repeatability

is shown in Table 3.

To measure pressures, the Multi-Pressure Measuring System (MPMS)

was used with a 15-psi transducer which has an accuracy o£ _2 mm.

IV. TEST PROCEDURE

Prior to actual test operations, measurements were made to deter-

mine the position o£ the model, the deflection constants, and the

balance tares, as described in Section V.

During test operations, the balance-tank pressure was maintained

equal to the model base pressure, and data points were obtained at

successive values o£ angle o£ attack. The stagnation pressure and

model base pressure were recorded for all data points, and the
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stagnation and dew-point temperatures were read at least once each

run.

Balance readings were plotted vs angle of attack, and any data

which appeared questionable were checked before the conclusion of the

run; but even if all of the data appeared to be correct, at !east one

point from each run was checked.

Figure 6 shows the sign conventions used for this test.

Model surface pressures were measured on the MPMS shown in Fig.

Schlieren photographs were made at 0, 4, 12, and 20 deg angle

of .......... i0a_acK. Figures o, _, dflU are schlieren photographs showing

airflow structure.

The test was conducted in the order shown in Table 4.

V. DATA REDUCT ION

The force and moment data were reduced to dimensionless coeffi-

cients in coordinates specified by the AVC0 Corporation,defined as

follows:

Wind Axis Body Axis

T k!

".L ""' qooS
q coS i_

,5 Cx_ 2
CD - qcoS qco S

Cm _ m Cm = m
cg qoo SD cg qcoSD
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where

S : reference cross-sectional area:

for configurations 6 and 7,

for all others,

D = reference diameter:

for configurations 6 and 7,

for all others,

• 2
S : 5. 354 in.

S : 2.491 in 2.

D = 2.611 in.

D = 1.781 in.

and the point about which moments are measured is the defined center

of gravity (cg) located on the fuselage centerline Xcg in. (see Table

5) forward of the model base.

Lift force, L (ib), is positive up, perpendicular to the tunnel

longitudinal axis, and perpendicular to the tunnel lateral axis. Drag

force, D (ib), is positive in the aft direction and parallel to the

tunnel longitudinal axis. Normal force, N (ib), is positive up, per-

pendicular to the model longitudinal axis and perpendicular to the

tunnel lateral axis (since roll angle = constant = 0). Axial force,

X (ib), is positive in aft direction parallel to model longitudinal

axis. Pitching moment, m (in.-Ib), is positive nose up and is measured

in ,h...............+l_nn_! (_nd mode I]_, vertical niche;_±of s_metry (_, : O) about the

model center of gravity.

The pressure data were reduced to the following pressure coeffi-

cients as specified by the AVCO Manufacturing Corporation:

C = P - Poo
P

DL Tr Cp0° _ CPA_oc., : o.2 (Cp - ) + o. 3 35
L _ _no
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where p is static pressure measured at body surface orifices (see

Figs. 3a and b); Poo and _o (free-stream static and dynamic pressures)

are calculated as functions of Mach number and tunnel supply pressure.

The local model diameter, D L, at the orifices vs X/D is given in Table

6.

The coefficients were obtained on an electronic digital computer

2
from the balance data by means of a standardized series of formulae.

For this process, measurements were made to determine the position of

the model relative to the balance-system orgin. Loads were then

applied to the model which simulated the loads expected during the

test, and the angular and lateral deflections were measured. Linear

expressions derived from these measurements were used to determine the

actual position and attitude of the model for each test point, and

corrections were applied to the data to compensate for these deviations

from the undeflected model settings.

Static tares, produced by unbalanced weight in the system with no

air flow through the test section, were evaluated by setting the model

to the attitudes to be used during the test and recording the balance

readings obtained during the test.

VI. RESULTS

Plot series 1 through 30 give the results of this test.

Plots 1 through 25 present stability and control effectiveness

information for the re-entry models tested. These £orce and moment

o

_Equations for Wind-Tunnel force-Data Reduction, Internal Memor-
andum SWT G-T3. Jet Propulsion Laboratory, Pasadena, California,

April 19, 1957.
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coefficients are not corrected for base pressure. The same

coefficients corrected for base pressure have been computed, tabulated,

and sent to the AVCO Corporation.

Plots 26 through 30 have local normal force coefficients plotted

against dimensionless axial distance at angles o£ attack of 4, 12, and

20 deg, only as requested by the contractor. Local normal force

coefficients for other angles of a%%ack have been tabula%ed. Pressure

coefficients have been tabulated but not plot%ed.

Pressure runs of configurations 8 and i0 at Mach numbers 3.98 and

4.76 were no good due to a pressure level shift in the MPMS. The shift

was corrected, and configuration 8 was rerun at Mach 3.98. There was

insufficient time to repeat the other three runs.

Since it was suspected that some pressure tubes may have been

pinched in the button nose spike, a leak check was conducted at the

conclusion of the test. The following tubes were found to be leaking:

Tube No. 2 at the rate of i0 mm Hg/min; tube No. 4 at the rate o£ 20

mm Hg/min; and tube No. 7 at the rate of I0 mm Hg/min.

Figures lla and b summarize and verify the consistency of the test

data.

it was discovered after the data had been plotted that the exter-

nal balance was reading in error during the test. The error in drag

reading amounted to 0.5_, which is quite small. The lift was in error

by a negative 0.2 ib, and the pi%ching moment by a positive 0.7 in.-

lb. This should not affect the slope of the stability curves at all,

since it means only a displacement of the curves.
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NOMENCLATURE

Data Reduction

CD = drag coefficient

CL = lift coefficient

CL_ = slope of lSft vs angle of attack

Cmcg = pitching moment coefficient about model cg

CN = normal force coefficient

CN = local normal force coefficient
L

CX = axial force coefficient

D = reference diameter of model

5 = drag (lb)

D L = local model diameter

L = lift (lb)

m = pitching moment about model cg, nose up (in.-lb)

M = Nach number; ratio of local velocity to local sound velocity

N = normal force (ib)

P = local pressure (psi)

Pt = __'"'=_..... _ total pressure

Poo = tunnel free-stream static pressure

qco = tunnel free-stream dynamic pressure

S = reference area of model

Xcg = model cg measured from base of model (in.)

X = axial distance from nose of model

= axial _u±ue _±u;

Page 9



Jet Propulsion Laboratory

SWY 20- 37 8

NOMENCLATURE (Cont 'd)

= model angle of attack, nose up (deg)

= model roll angle, right side down (deg)

Confiquration Code Composition

i N22"5 BI'0 F 15
-0.26 1.277

22.5 0.5 15

2 N0.26 B FI.277

.22.5 1.0 15

3 N0.26 B £1.866

4

5

7

8

9

I0

N22.5 B I. 0 15
0.8 FI. 277

N22.5 BI. 0 15
0 £1.277

FO. 2C5

Nl?33 F 20T
O. 205

Sl B 1.0 FI51.277

S2 B I'0 F 15
1. 277

(extended flare)

(truncated rear face)

(long nose spike)

(short nose spike)

(long nose spike with

fusing package)

Confiquration Notation

S n =

Nn=

button nose spike; n corresponds to spike configuration

nose cone; n corresponds to cone half-angle; m corresponds

to ratio of nose radius to radius of cylindrical body

Bn -_

n

F m =

cylindrical body; n corresponds to ratio of cylinder length

to cylinder diameter

flare; n corresponds to flare angle (cone frustum vertex

half angle); m corresponds to ratio of flare length to

cylinder length (except for configurations 6 and 7, where
m is ratio o{ flare length to maximum nose diameter)

Page i0
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TA BL E 1 • AVERAGE AERODYNAMIC PARAMETERS

SWT 20 -378

Parameter

Static pressure (psia)

Stagnation pressure

(psia)

Dynamic pressure
(psia)

Reynolds number .

(per in. x i0 -b)

Lv_aA_llLum _v¥ _U_liU k - z ]

Mach-number variation

along centerline

Maximum flow-angle

variation along
centerline [deg)

Maximum pressure

variation along

centerline (ApTp)

1.48

6.20

22.14

9.52

2.01

3.01

24.07

8.55

Math Number

3.01

0.77

28.89

4.91

3.98

0.33

49.11

3.66

0.513

(%
v

0.515

-- E-.V

0.335

l-%
%,/

0. 340

tlf'_
T .l.%J

+0.005

-0.006

+0.13
-0.09

0.009

+0.004

-0.004

+0.08

-0.ii

0.006

+0.003
-0.004

0.006

+0. 005

-0.006

0.007

4.76

0.16

63.55

2.53

0. 293

ii/'%
T/.V

+0. 004

-0.00 8

-0.01

-0.07

0.010
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TABLE 3. C,OEFF ICIENT REPEATABIL ITY

SWT 20-37 8

1.48

2.01

3.01

3.98

4.76

Coefficient _

CN

0.003

0.003

O. 004

0.006

0.008

CX

O. 005

0.0O4

O.OO6

0.006

O. 008

CM
cg

0.01

0.01

0.02

0.03

0.04

CL

0.003

0.003

0.004

0.006

0.008

%

0.005

O. 004

0.006

0.006

0.008

*Based upon %he following reference area and leng%h: S = 2.491
in?, and d = 1.781 in.
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TABLE 5. CENTER OF GRAVITY LOCATION (cg)

Configuration

1

2

3

4

5

6

7

8

9

10

X (in.)
cg

2. 274

2. 274

3. 323

2.274

2. 274

5. 868

2. 274

SWT 20 - 378
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A.

TABLE 6. D Local vs X/D

_T22.5 B 1.0 15
Configuration _0.26 FI.277

8WT 20-378

Tap Number

i, 6, 13, 18

2, 7, 14, 19

3, 8, II, 15, 20

4, 9, 16, 21

5, i0, 12, 17, 22

X/L

0.0249

O. 0 844

O. 1440

O. 20 37

O. 2635

X/D

0.0814

0.2762

0.4711

0.6665

0.8619

23, 32, 41, 46, 55

24, 33, 47, 56

25, 34, 48, 57

26, 35, 42, 49,58

27, 36, 43, 50, 59

28, 37, 51, 60

29, 38, 44, 52, 61

30, 39, 53, 62

31, 40, 45, 54, 63

0.3776

0.4377

0.4978

0.5578

0.6512

0.7339

0.8168

0.8997

0.9562

1.2353

1.4318

1.6283

1. 824 8

2. 130

2. 401

2.672

2. 943

3.128

D
L

O. 432

O. 720

1.008

i. 396

I. 684

1.781

Ir

i. 910

2.169

2.428

2. 687

2. 863

B. Configuration SI B I'0 F 151.277

i*

2

3*

4*

0.0675

0.1104

0.1533

0. 2207

0. 3610

O. 5014

O. 250
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TABLE 6-B. (Cont'd)

S_VT 20-378

Tap Number

5 _

6_

7_

8e

%hrouqh
22_

X/L

0. 1962

0.2391

0. 2820

0. 3040

X/D

0.6418

0.7821

0.9225

0.9944

D
L

0. 250

1.781

Taps along cylinder of spike.
_ Remainder, same as above tlable 6-A).
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3.000

5.826 _

I.'r81 T','e. I

=======================================================================================_,e..5 t¥ P.

_,_I:i::,iliiii:i:,iiiii:i!iiiii,,iiiii,.ili_iii:ii_--..<.
===========================================================\

GONFIG. I '.--0.234 R.

ALL DIMENSIONS

IN INGHES

I

I _ _ 1.001

0.712 R.

FIGURE I

MODELS AND DIMENSIONS
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9wT 20-378

4.936 -

"-2.274--"- 1 "-_1.77 I--'-

0.891.------ ! ------

CON FIG. 2

0.234

TYP.

R

6.875

4__ 3.323 ------,- --I.781--- --I.771--,-

I
FIGURE lb.

ALL DIMENSIONS IN INGHES

R$.

MODELS AND DIMENSIONS
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t
3.000 TYR

2.274 _-_l.781 ---_1.628,-

_0.141 R

TYP.

0.250 TYP.

IG. 9

CONFIG. I0

0.612

t 01445

ALL DIMENSIONS IN INGHES

MODELS AND DIMENSIONS

P.S.
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_-- 5.868 TYP. ;i

CONFIG. 6

0.435 R TYR

I I
3.OOO TYP.

1 I
8.3°_ _// CON F IG. 7

ALL D .... "'" .... " .- .,..,,,eeI Ill r.,lll _) i u iI c) i1_1 i iI li.lpn Ir.,,_

FIGURE ! d.
7_'.5.

MODELS AND DIMENSIONS



SWt 20-378  

0.1035 

1 )ii- 0.2 5 0 

FIGURE 2. 

SE T R A N S I T I O N  G R I T  S T R I P  



Jet PropulsionLaboratory

9WT 20-378
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45
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_50 494847 46 I7

53 82 '
54

13

FIGURE

PRESSURE PORT NUMBERING

CONFIGURATION

SYSTEM

I

OF



Jet PropulsionLaboratory

65

• 6 31 30 29 2.82745 7
68

dl

26 25 24 23

8
432

135 ° 88 61 60 59 58 57 56 55

79J/ 87 63 62 22-

NOTE:

PORTS AT lib = 45_

AND 135" ARE ON

SIDE OF MODEL

oNORIFIGES 2SIoETO I .::::v.,__ ....""-"" ..........LoEFo;L ,:::, ,,
90 •

44
90" 45

LEFT

o

• 135

FIGURE 3b.

PRESSURE PORT NUMBERING SYSTEM OF

CONFIGURATIONS 8 AND IO
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PR ESSURE M O D E L  

FORCE MODEL WITH GRIT 
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SWT 20-378

SUSPENSION

SYSTEM

WINDSHIELD

TEST SECTION WINDOW

7
SUSPENSION

SECTION

I

AIR
FLOW

BALANCE

TANK 7

BALANCE

SECTION

LOAD CELLS

D- DRAG

._- sin=IMe ql_

L - LIFT P- PITCH

y_ yaw --: --,_, ,e.,_Im I_ II_ V I..,6

THE SIX-COMPONENT EXTERNAL BALANCE

AND SUPPORT SYSTEM
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MPMS SCANNER UNIT 
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>..- , . 

M = 1.48 

M = 2.01 

M = 3.98 

a = 0- M = 4.76 a = 20" 
- 

PS. 

S C H L I E R E N  PHOTOS OF C O N F I G U R A T I O N  I 
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1.48 

M =  

M =  

2.01 

3.98 

M = 4.46 a 20" -0 G i = v  

PS. 

S C H L I E R E N  PHOTOS OF CONFIGURATION 7 
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